1. Introduction and background {#sec1}
==============================

Since the mid-1950s, medical advances and improvements in maternal health care as well as education and overall standards of living in the US have drastically reduced incidence of maternal mortality. However, in the past 25 years, there has been no further reduction in maternal mortality and today the US has the highest maternal mortality ratio among developed countries ([@bib22]; [@bib60]). Moreover, incidence of these deaths appears to be increasing ([@bib35]). While the increasing trend is due, at least in part, to improvements in identification and reporting of maternal deaths ([@bib19]), perhaps more distressing is the persistent, vast, and increasing mortality gap between Non-Hispanic (NH) black and all other women in the US ([@bib13]; [@bib45]). Nationally, from 2011 to 2015 the pregnancy-related mortality ratio among NH black women (42.8 deaths per 100,000 live births) was over 3 times higher than among NH whites (13 deaths per 100,000 live births) ([@bib9]). There is an urgent and growing need to understand the reasons behind this vast inequity and examine broader society and structural conditions that potentially contribute to excess mortality among NH black women. Recent studies have begun to illuminate how social, political, economic, and environmental conditions contribute to racial/ethnic disparities in health ([@bib2]; [@bib59]; [@bib64]); however, little is known about the influence of social and contextual factors on maternal mortality among different racial/ethnic groups in the US.

Income inequality, the degree of unequal distribution of income within a population, has been a growing public health concern and an important ecological factor hypothesized to adversely affect health ([@bib23]; [@bib46]). Income inequality has been also on the rise in the US -- between 1980 and 2017, the after-tax income inequality increased by 19.6% ([@bib16]). While this dramatic surge has been driven largely by rising income among the wealthiest 10%, since 2001, the real income among the poor and middle-class Americans has barely changed or even declined ([@bib6]). In addition, a recent report found that unequal income growth has been accompanied by considerable variations in income inequality observed across the states ([@bib51]). While effects of area-specific income inequality on population and individual health outcomes have been demonstrated ([@bib29]; [@bib31]; [@bib34]; [@bib54]; [@bib66]), this has not been applied to understanding racial health inequities and adverse maternal outcomes. The present study addresses this gap by examining the association between the state-level income inequality and pregnancy-related mortality (PRM) among NH black and NH white populations across the US (black and white, hereafter).

1.1. Pregnancy-related mortality in the U.S {#sec1.1}
-------------------------------------------

Maternal mortality is an important health status indicator, but remains unacceptably high in the US, and is even increasing. The US maternal mortality ratio (MMR) -- defined as the number of maternal deaths per 100,000 live births -- increased from 16.9 to 26.4 per 100,000 live births from 1990 to 2015, while the global MMR declined by 30% ([@bib22]). Similarly, the PRM ratio -- defined as maternal death during pregnancy or within 1 year from any cause related to or aggravated by the pregnancy or its management ([@bib9]) -- has more than doubled from 7.2 deaths per 100,000 live births in 1987 to 17.2 deaths per 100,000 live births in 2011--2015 ([@bib45]). While this increase may be partially attributed to enhanced surveillance of PRM data and past underestimation of maternal deaths (see [@bib19]), there remains a legitimately increasing trend in US maternal death in the opposite direction than the international trend ([@bib35]).

Pregnancy-related deaths result from direct causes including hemorrhage, infections, hypertensive disorders of pregnancy, and obstructed labor ([@bib3]; [@bib12]; [@bib25]). Indirect causes represent over 30% of the total PRM and include pre-existing or concurrent diseases (e.g. cardiovascular conditions, cardiomyopathy) that are not complications of pregnancy but that are aggravated during pregnancy ([@bib45]). In addition, over 50% of maternal deaths happen after a live birth and another approximately 30% occur during pregnancy and up to 20% occur on the day of delivery ([@bib13]; [@bib45]). Among the established individual-level risk factors for PRM are older maternal age, low educational attainment, obesity, and chronic health conditions ([@bib7]; [@bib26]). A recent study on population-level risk factors found that the increase in state-level maternal mortality could be attributed to the proportion of women of childbearing age who were obese (31%), did not have a high school diploma (5.3%), and the proportion of births to women with diabetes (17%), who attended fewer than 10 prenatal visits (4.9%), and were African American (2%) ([@bib40]).

Considerable racial disparities persist in reproductive health outcomes in the US. Research has shown that black women are at over 3 times higher risk of dying from pregnancy complications than white women ([@bib12]; [@bib45]). Black women are also more likely to give birth to low-birthweight infants, and their newborns experience higher infant death rates not associated with biological differences, even after controlling for socioeconomic factors ([@bib49]). The literature on maternal health posits that structural inequities and racial discrimination are sources of chronic stress among black women and partly responsible for the persistence of racial health inequities ([@bib15]; [@bib56]; [@bib58]). Overall, this literature highlights the need to better understand the societal contexts into which women are born, live, and reproduce, and to critically examine the role of social and structural determinants of maternal health in order to institute systemic changes needed to reduce the incidence of maternal death and advance population health equity ([@bib3]; [@bib13]; [@bib40]).

1.2. Income inequality and health {#sec1.2}
---------------------------------

Over the past decades, the impact of area-specific income inequality on individual and aggregate health outcomes has been examined (see, for a review, [@bib6]; [@bib29]; [@bib46]). Multilevel studies found significant associations between area-level income inequality and life expectancy ([@bib21]; [@bib47]), mental illness ([@bib10]), self-reported overall health ([@bib66]), and infant mortality ([@bib43]; [@bib57]). Detrimental effects of higher income inequality are also well established on aggregate health outcomes such as self-rated health and prevalence of depressive symptoms ([@bib20]; [@bib28]), life expectancy or mortality risk ([@bib17]; [@bib31]), and prevalence and more adverse profile of health-related risk behaviors ([@bib14]). However, research is not unanimous as some studies have failed to detect the effects of income inequality on health outcomes (see e.g. [@bib32]; [@bib36]). Reviews indicate that stronger and more consistent health effects of income inequality appear at larger geographical scales such as country or state as opposed to metropolitan statistical areas (MSA) or counties ([@bib28]; [@bib53]).

Several pathways have been proposed to explain the relationship between income inequality and health, including the mediating roles of social capital, individual comparisons, and macro-level policies and public spending ([@bib23]; [@bib46]). Psychosocial pathways posit that higher income inequality erodes social capital and trust which in turn negatively affects health through a political climate that is less supportive of policies that aim to sustain public health. Alternatively, a neo-materialist perspective postulates that the relationship between income inequality and health is contingent on public underinvestment in social and health services which in turn impedes individuals' access to educational and employment opportunities, material goods and health care ([@bib34]). Finally, higher income inequality may cause increased social comparisons and resulting frustrations ([@bib23]). Employing varying units of geographical aggregation, numerous studies have tested these pathways providing ample explanatory evidence through which area-level income inequality affect individual and population health (see [@bib46] for a review and discussion).

Health effects have also been hypothesized to depend on prolonged exposure of unequal distribution of income within a population, suggesting that the impact of state-level income inequality is likely to manifest after several years rather than instantaneously and ought to be empirically tested in lagged effect models ([@bib29]; [@bib36]; [@bib53]). For instance, a recent study found significant associations between two-year lagged state-level income inequality and black infant mortality as well as racial inequities in infant mortality rates from 1992 to 2007 ([@bib50]). Given the crucial importance of the socioeconomic conditions within the society as young women enter family planning stages, we examine the delayed association of income inequality on PRM in the US.

1.3. Income inequality and maternal health {#sec1.3}
------------------------------------------

Socioeconomic inequality and state-level policies may play a larger role in women\'s health as compared to men\'s health as they shape access to services and resources (i.e. prenatal care, affordable housing, children\'s health care, family leave) that are especially central in women\'s lives ([@bib38]; [@bib52]). Prior studies have found significant associations between area-level socioeconomic conditions and women\'s BMI ([@bib48]), self-rated health ([@bib52]), increased levels of health-related risk behaviors ([@bib14]), and mortality ([@bib38]). A recent systematic review reported greater impact of income inequality on mental health among women suggesting that women living in the context of higher income inequality are at a higher risk and prevalence of mental illnesses than men ([@bib44]). Overall, women are more vulnerable to the adverse processes related to income inequality and the unequitable distribution of public resources as they are more likely than men to be socioeconomically-disadvantaged, raise children, and use health care systems ([@bib38]).

Very few studies have examined the effect of income inequality on maternal and birth outcomes. A cross-sectional study in the US found that high state-level income inequality was associated with an increased risk of poor mental and physical health among women with young children ([@bib20]). In addition, low-income women living in states with high income inequality had a higher risk of developing depressive symptoms and reporting fair/poor health as compared to low-income women residing in the states with low income inequality. Living in high or medium inequality areas at the time of birth was associated with a higher risk of preterm ([@bib18]) and low weight birth ([@bib41]). A recent US study also found that living in a state when income inequality expanded over the course of the year leading up to delivery increased preterm birth risk regardless of the degree of initial inequality and controlling for simultaneous changes in absolute income, poverty, and unemployment levels ([@bib57]).

Yet, contextual influences on maternal mortality are understudied. Globally, several ecological studies have found associations between maternal mortality and women\'s education, health insurance coverage, health expenditure per person, and poverty ([@bib8]; [@bib27]; [@bib39]). However, most studies that have investigated contextual socioeconomic factors in low- and middle- income countries overlooked unequal distribution of income as an important explanatory factor (see, for instance, [@bib1]; [@bib39]) or failed to find a relationship between area-level income inequality and maternal mortality ([@bib55]). In addition, while prolonged experiences of socioeconomic context may have a more robust effect on maternal and birth outcomes ([@bib33]; [@bib57]), no studies have investigated delayed associations.

1.4. Study aims {#sec1.4}
---------------

The objectives guiding this study were two-fold: 1) to examine the associations between state-level income inequality and PRM among black and white populations across the US, and 2) to estimate the association between state income inequality and both absolute and relative racial inequities in PRM. Drawing on the prior evidence outlining more pronounced effects of income inequality on women\'s health, we hypothesized that incidence of PRM would be higher in states with larger income inequality. Additionally, we argue that black women are particularly vulnerable to the unequal income distribution as they are more likely to belong to lower socioeconomic groups and live in resource-limited environments that have harmful exposures and lack opportunities to achieve and maintain health. Moreover, their disproportionate representation in the lower end of the distribution relative to whites is a manifestation of structural racism -- the purposeful social and political processes that perpetuate racial oppression of non-white communities and an increasingly hypothesized driver of population health inequities ([@bib2]; [@bib30]). Thus, we anticipate the adverse impact of income inequality to be more prominent among the black population. With respect to racial inequities in PRM, we hypothesized that the absolute and relative inequities in PRM would be larger in states with higher income inequality. Finally, we hypothesized that the prolonged exposure to income inequality would be detrimental to women\'s health as the pathways through which state income disparities are assumed to shape population health involve some persistent exposure to the detrimental climate/context (e.g. limited resources) that in turn may cause psychosocial stress and lead to adverse health outcomes. Therefore, we hypothesized that our study outcomes would be associated with both contemporaneous and lagged income inequality.

2. Methods {#sec2}
==========

2.1. Data sources {#sec2.1}
-----------------

The estimates for 2011--2015 PRM ratios across all 50 states and the District of Columbia were derived from annual mortality and natality files, data provided by the National Center for Health Statistics (NCHS). We identified all pregnancy-related deaths based on ICD-10 code for underlying cause of death in Chapter XV \[Pregnancy, childbirth and the puerperium (O00--O99)\]. The natality file contained all birth certificates for infants born in the given calendar year, for the purposes of computing PRM ratios (pregnancy-related deaths per 100,000 live births). The data contain geographic identifiers for maternal state of residence (Federal Information Processing System codes) for all 50 states and the District of Columbia. Contextual data, including 5-year estimates of state-level Gini coefficients, median household income, the percentage of unemployed population, the percentage of population with BA or higher degree, and the percentage of the black population in each state, were retrieved from the US Census Bureau\'s American Community Survey (ACS). As de-identified data, this study was exempt from the ethics approval process.

2.2. Measures {#sec2.2}
-------------

The outcome of interest was *pregnancy-related mortality*, defined as a death while pregnant or within 1 year following the end of a pregnancy, from any cause related to or aggravated by the pregnancy or its management ([@bib9]). Due to the relative rarity of maternal deaths annually, we computed the 5-year (2011--2015) pregnancy-related mortality ratios (deaths per 100,000 live births) for the total population, and separately for black and white women in each state. In order to ensure stable ratios estimation, total population and race-specific PRM were calculated only in states with a minimum of 5 deaths within the 5-year period. As a result, Alaska, Delaware, and DC were excluded from the analysis of the white population, and 20 states (Alaska, Delaware, Hawaii, Idaho, Maine, Massachusetts, Montana, Nebraska, Nevada, New Hampshire, New Mexico, North Dakota, Oregon, Rhode Island, South Dakota, Utah, Vermont, and Wyoming) were excluded from the analysis of the black population. Analyses for the total, white, and black populations were conducted with the samples of 51, 48, and 31 states, respectively. In addition, absolute (black PRM - white PRM) and relative (black PRM/white PRM) racial inequity in PRM were calculated in the 30 states with sufficient sizes of each racial group.

*The Gini coefficient* is a measure of statistical dispersion that is frequently used to describe the distribution of resources in a population and is an indicator of income inequality. It ranges from 0 to 1 with the lower value indicating more equitable distribution of income. We used two measures: 5-year average estimate of Gini coefficients for 2011--2015 (contemporaneous income inequality) and averaged 5-year estimate of Gini coefficient for 2006--2010 (approximately a 5-year lag). We scaled the Gini coefficients to a 0--100 range.

Covariates that were potential confounders were included in adjusted models: the ACS 2011--2015 5-year average of state-level median income (to isolate the independent effect of relative income distribution represented by the Gini coefficient); the percentage of the black population (only used in the adjusted models for the total population PRM and to predict racial inequities in PRM); percent college graduates, and percent unemployed population.

2.3. Statistical analysis {#sec2.3}
-------------------------

We conducted descriptive analyses to characterize the variation of state-level income inequality and PRM (for the total population and separately among black and white populations) across the US. We also plotted trends over time in income inequality (annual estimates of Gini, 2006--2015) and PRM for the total population and stratified by race (5-year estimates, 2009--2015).

We fitted separate models for the total PRM, white PRM, black PRM, absolute PRM inequities, and relative PRM inequities. First, modified Poisson regression with robust standard errors to account for clustering within states estimated the unadjusted association between income inequality (lagged and contemporaneous, separately) and PRM for the total state population. Second, we estimated rate ratios (RR) and 95% confidence intervals (CI) controlling for the confounders listed above. We fitted separate models to examine the adjusted effects of the lagged and contemporaneous income inequality, then ran race-stratified models, adjusting for the same set of covariates (excluding the percentage of black population in the state). In testing the effects of contemporaneous income inequality across these models, we also adjusted for the change in income inequality over time (i.e. the difference between contemporaneous and lagged Gini coefficients).

Finally, we fitted a set of linear regression models to estimate the associations between income inequality and the absolute (black-white) and relative (black/white) PRM rate ratio, adjusting for state median household income, the size of the black population, percent of college graduates, unemployment, and the change in income inequality over time. Again, we ran separate models to examine the adjusted effects of the lagged and contemporaneous income inequality. These models were weighted by the total number of live births in each state to account for the varying contribution of each state by population size to the relative or absolute racial inequity (the dependent variable). All statistical analyses were performed with SAS 9.4.

3. Results {#sec3}
==========

3.1. Descriptive statistics {#sec3.1}
---------------------------

From 2011 to 2015, overall PRM averaged almost 26 deaths per 100,000 live births across all 50 states and DC (see [Table 1](#tbl1){ref-type="table"}). Nationally, PRM among black women averaged 61 per 100,000 live births (the estimate among white women was 23.3 per 100,000 live births) and exceeded the estimate among whites in every state by 2.5-fold, on average. In addition, the absolute difference in PRM between blacks and whites was nearly 35 deaths per 100,000 live births, although there were considerable variations in the absolute and relative racial equities in PRM across the states.Table 1Mean and distribution of pregnancy-related mortality rates, state-level income inequality and state-level characteristics, 2011--2015.Table 1Mean (SD)MinMaxIQRPRM per 100,000 live births (N = 51)25.6 (11.3)6.956.912.4NH black PRM per 100,000 live births (N = 31)^a^61.024.1169.735.2(27.6)NH white PRM per 100,000 live births (N = 48) ^a^23.35.853.29.2(10.1)Absolute racial inequity in PRM (N = 30)34.8 (21.2)4.2123.223.7Relative racial inequity in PRM (N = 30)2.5 (0.8)1.24.62.9Lagged income inequality (Gini coefficient 2006--2010 estimate)45.2 (2.2)41.253.52.9Contemporaneous income inequality (Gini coefficient 2011--2015 estimate)46.2 (2.1)41.853.22.8State median household income, 2015 inflation-adjusted dollars54,636 (9157)39,66574,55113,220NH Black population (% of state population)12.3 (10.9)10.948.916.1College graduates (% of state population age 25 and older)29.5 (6.1)19.254.66.4Unemployment (% of state civilian population age 16 and older)7.6 (1.7)2.910.52.8[^1][^2]

The average estimates of income inequality, both contemporaneous and lagged, are within the 45--47 range and are more comparable to Gini coefficients observed among South American countries (e.g. Ecuador, Chile, Costa Rica) than those of more advanced economies (e.g. Scandinavian or Western European countries) ([@bib65]). Contemporaneous and lagged income inequality varied across the states ranging from the lowest Gini coefficient of 41.8 (average of 2011--2015) and 41.2 (average of 2006--2010) in Alaska and the highest of 53.2 (average of 2011--2015) and 53.5 (average of 2006--2010) in DC.

Income inequality fluctuates over the period 2006--2015 but has a discernible overall upward trend ([Fig. 1](#fig1){ref-type="fig"}), and both the overall and white PRM ratios increased relatively slightly over this period ([Fig. 2](#fig2){ref-type="fig"}). The most striking increase is seen in black PRM ratios where the 5-year estimates increased by 46% from nearly 42 maternal deaths per 100,000 live births in 2006--2009 to 61 in 2011--2015.Fig. 1Trends in income inequality in the US, 2006--2015.Fig. 1Fig. 2Trends in overall and race-stratified pregnancy-related mortality (PRM) in the US, 2009--2015\*.Fig. 2

3.2. Associations between the lagged and contemporaneous state-level income inequality and PRM among the total, NH black and NH white populations {#sec3.2}
-------------------------------------------------------------------------------------------------------------------------------------------------

There was no significant association between income inequality and PRM for the total population ([Table 2](#tbl2){ref-type="table"}), but the association was significant among black women. Increasing income inequality was associated with 14% (the 5-year lag) or 15% increase (contemporaneous) in PRM among black women (aRR = 1.14, 95% CI = 1.04; 1.24 and aRR = 1.15, 95% CI = 1.05; 1.24, respectively), independent of covariates. None of the income inequality measures were significantly associated with PRM among white women.Table 2Overall and race-specific PRM rate ratios (RR) and 95% confidence intervals (CI) for associations with income inequality indicators.Table 2Overall PRMBlack PRMWhite PRMRR95% CIRR95% CIRR95% CILagged income inequality1.03(0.95; 1.10)1.14[a](#tbl2fna){ref-type="table-fn"}(1.04; 1.24)1.04(0.96; 1.14)Contemporaneous income inequality1.06(0.99; 1.13)1.15 [a](#tbl2fna){ref-type="table-fn"}(1.05; 1.25)1.08(0.98; 1.18)State median income1.01(0.73; 1.39)1.16(0.70; 1.96)1.12(0.75; 1.67)NH Black population1.03[b](#tbl2fnb){ref-type="table-fn"}(1.01; 1.04)n/an/an/an/aCollege graduates0.97(0.93; 1.02)0.98(0.91; 1.05)0.95(0.89; 1.02)Unemployment0.93(0.86; 1.00)1.01(0.87; 1.17)0.98(0.89; 1.07)[^3][^4]

3.3. Associations between the lagged and contemporaneous state-level income inequality and the absolute and relative racial equity in PRM {#sec3.3}
-----------------------------------------------------------------------------------------------------------------------------------------

In addition, both lagged and contemporaneous income inequality were associated with increases in the absolute and relative racial inequities in PRM (see [Table 3](#tbl3){ref-type="table"}). A one-unit increase in lagged income inequality was associated with an additional 5.7 per 100,000 excess black deaths and a 20% increase in the excess risk experienced by black women relative to whites (absolute PRM difference beta = 5.7, 95%CI = 2.5, 8.9; relative PRM ratio beta = 0.20, 95% CI = 0.1, 0.3). Similarly, a one-unit increase in contemporaneous income inequality was associated with an additional 5.3 per 100,000 black deaths and a 14% increase in the excess risk experienced by black women relative to whites (absolute PRM difference beta = 5.3, 95%CI = 1.8; 8.9; relative PRM ratio beta = 0.14, 95% CI = 0.00; 0.28).Table 3Linear regression coefficients (B) and 95% confidence interval (CI) for the associations between income inequality indicators and the absolute and relative racial inequity in PRM.Table 3Absolute inequities in PRM (black-white PRM difference)Relative inequities in PRM (black/white PRM ratio)B95% CIB95% CILagged income inequality5.7[b](#tbl3fnb){ref-type="table-fn"}(2.47; 8.98)0.20 [a](#tbl3fna){ref-type="table-fn"}(0.07; 0.32)Contemporaneous income inequality5.34[a](#tbl3fna){ref-type="table-fn"}(1.78; 8.89)0.14 [a](#tbl3fna){ref-type="table-fn"}(0.00; 0.28)State median income26.33 [a](#tbl3fna){ref-type="table-fn"}(0.62; 52.04)0.42(-0.16; 0.99)NH Black population0.13(-0.63; 0.88)−0.01(-0.04; 0.02)College graduates−3.71(-6.72; −0.70)−0.02(-0.13; 0.09)Unemployment−2.17(-6.09; 1.74)0.13(-0.04; 0.29)[^5][^6]

4. Discussion {#sec4}
=============

Pregnancy-related mortality remains a significant concern in the US and experience of maternal death divides the population along racial lines. Income inequality has been rising in the US at a rate highest among the economically developed countries in the north ([@bib42]). To our knowledge, this was one of the first studies to examine the associations between state-level income inequality and pregnancy-related mortality and racial inequity in maternal death in the US. Using vital records data from 2011 to 2015, we found that state-level income inequality -- both contemporaneous and lagged -- was significantly associated with black but not white PRM and contributed to increasing racial inequity in PRM across the US.

The lack of significant association between income inequality and PRM among white women suggests that income inequality may contribute to the persisting racial inequity in maternal death. Our study provides important evidence on how structural and contextual inequalities shape health outcomes across racial lines and challenges prior studies positing that income inequality has a "social pollution" effect on population health outcomes as it exerts a comparable contextual effect across all population sub-groups ([@bib53]; [@bib54]). Our findings add to the literature by showing that black women may be particularly vulnerable to the adverse consequences of unequal economic conditions. In the US, black women face greater structural constraints, limited opportunities, and psychosocial stresses induced by individual and institutional discrimination and structural racism that impinge on their lived experiences, circumstances and health compared to white women ([@bib37]; [@bib63]). Disadvantageous social conditions driven by structural racism -- such as unequal distribution of income and resources -- force many black women to live in poor and segregated neighborhood with low-quality housing, high crime rates, lack of health resources and harmful environmental exposures ([@bib2]). In addition, research has shown that states with higher income inequality have higher levels of racial/ethnic prejudice ([@bib11]; [@bib24]). Further investigation of the intricate links between income inequality and structural racism is crucial to elucidate the pathways through which unequal income distribution may cause detrimental health effects among black women and engender population health inequities.

Moreover, our findings highlight the importance of considering the *relative* distribution of resources, and the problematic economic, political, and social relationships that underlie the unequal distribution across a population in understanding racial health inequities ([@bib30]). It may therefore be not only the degree to which black populations are deprived of material resources as a result of structural racism, but the degree to which whites are privileged with greater access to resources, and the extent of the gap between the two that perpetuates disproportionate mortality among black women. Our findings thus suggest the harmful health effects resulting from one\'s place in the social hierarchy ([@bib61]) and highlight the need to employ measures that determine health effects of societal distribution of concentrations of extreme wealth and deprivation ([@bib30]).

Persisting racial inequities in maternal death and the differential impact of income inequality on PRM suggests that causes of health disparities may lie beyond the scope of individual characteristics or behaviors and thus improving the health of pregnant women will need to extend beyond addressing medical conditions to optimizing social determinants of their health. Greater income inequality coexists with other material deprivations -- including lack of investment in housing, education and public transport, and limited access of healthcare and healthy foods -- that are relevant to health ([@bib34]). Such community and societal conditions have been recognized in the recent data from 13 state maternal mortality review committees (MMRCs) as important contributing factors related to PRM ([@bib45]). Identifying policy-amenable conditions and implementing social and public health policies that reduce racial inequities which systematically disadvantage black women could play an important role in national attempts to reduce and eliminate the racial disparities in and overall maternal mortality.

Our study found evidence of a five-year lagged effect of income inequality suggesting that limiting investigations of income inequality and health to *only* contemporaneous measures may overlook the importance of prolonged exposure and fail to demonstrate evidence of a relationship that requires sufficient time to detect ([@bib5]). This also highlights the value of utilizing the life-course approach in further investigating how structural inequalities may shape women\'s contexts that eventually contributes to reduced health ([@bib4]; [@bib33]). To properly determine whether the prolonged exposure to income inequality results in cumulative disadvantage that in turn affects maternal health requires considering multiple lagged effects of structural inequities spanning through women\'s early and formative years. While our study used a cross-sectional ecological design, longitudinal or panel data are required to better understand the dynamics of state income inequality and health and to identify income-related health inequalities resulting from persistent social disadvantage.

Finally, our findings support previous research that has reported significant associations between income inequality and health on a state level (e.g. [@bib29]). Importantly, our study provides compelling evidence to include race-stratified models and between-race measures when investigating associations between health and societal conditions and structural factors related to resource distribution (also see [@bib56]). Future studies should examine the effects of other societal conditions -- including indicators of structural racism -- on adverse maternal health outcomes. The joint effects of structural racism and areal-level income inequality require particular attention as higher levels of co-occurring racial and socioeconomic inequality have been shown to increase the risk of adverse birth outcomes ([@bib58]). In addition, while it was beyond the scope of the present study to examine the potential pathways explaining the association between income inequality and maternal mortality, future research should examine the role of institutional and political mechanisms (e.g. social spending across the US or reproductive health policies) as well as theoretically viable psychosocial factors (e.g. racial bias, chronic stress, social capital) in mediating the relationship between socioeconomic inequality and maternal health.

Our study has several limitations. First, we have relied on vital statistics to measure PRM, which may include misclassification of some cases where incorrect ICD-10 code was assigned for underlying cause of death. Moreover, variation in implementation of enhanced surveillance of maternal death (gradual adoption of the 2003 update to the US Standard Certificate of Death, including the pregnancy status checkbox) may have resulted in differing degrees of case misclassification across states and years. In response to rising concern about maternal death, maternal mortality review committees have been mobilizing in some (but not all) states across the country in order to verify and confirm cases of pregnancy-related death; however, until these data become comprehensive and are made available for research purposes, national vital records remain the only national source of population-level data on maternal death. In addition, given that PRM is a relatively rare event, our analysis included 5-year estimates of this measure and excluded states with a fewer than 5 deaths within the 5-year period (which resulted in data on black PRM from only 31 states). However, this overcomes the limitation of large variation in unstable rates based on small numbers of cases within a relatively small population. Second, we conducted the analysis at the state-level, a geographic unit of analysis that does not capture local-area variation. Nonetheless, our findings have relevant implications for policy and resource allocation decisions that typically occur at the state-level. Third, while multi-level, longitudinal and panel analysis would allow for exploration of associations with a causal framework, we fit cross-sectional pooled models in order to increase the precision of our estimates and to minimize heterogeneity bias. In addition, while the Gini coefficient is one of the most commonly utilized measures of income inequality, future studies may consider employing different and/or multiple measures of income inequality, e.g. Atkinson, Theil, Robin Hood indices as well as income share measures. Finally, there may be additional state-level factors associated with both income inequality and PRM that we were unable to control for, and thus we acknowledge the possibility of residual confounding.

5. Conclusions {#sec5}
==============

Although pregnancy-related mortality has increased in the US, there is a dearth of research that explores a link between state-level socio-economic inequalities and PRM in the country. This study is the first to examine the contemporaneous and lagged effects of state-level income inequality on PRM. It provides evidence regarding the importance of the state-level as an influential context for racial inequities in PRM and finds that unequal income distribution can be particularly harmful to black women\'s health. Efforts to reduce maternal death in the US should continue to expand beyond individual- and clinical-level risk factors to explore the harmful contexts in which all women live, with a particular focus on women from racially-oppressed groups who continue to experience broad social and health inequities. Implementing a set of federal, state and local policies that remediate increasing trends in income inequality in the US may begin to address the underlying structural factors that cause these disparities and advance maternal population health equity.
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[^1]: ^b^ Racial inequities in PRM were calculated for the states that had PRM ratios for both black and white populations.

[^2]: ^a^Black PRM ratios were calculated only in states with a minimum of 5 black maternal deaths within the 5-year period, and white PRM ratios were calculated only in states with a minimum of 5 white maternal deaths within the same period.

[^3]: p\<.05.

[^4]: p \< 0.01.
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[^6]: p \< 0.01.
